between the systolic time interval and catecholamine excretion.
After acute myocardial infarction there is a shortening of the QS2 interval and the ejection time. The pre-ejection time is either normal or prolonged. After the stage of maximum shortening of the QS2 interval and ejection time, there is a progressive improvement towards the normal. In this study there was no correlation between the shortened QS2 interval and ejection time, and the level of urinary catecholamine excretion.
The physiological and clinical significance of these changes in the systolic time intervals and their relation to the altered haemnodynamics and mechanics are discussed.
The evaluation of the systolic time intervals as a bloodless method of measuring cardiovascular function is of interest to cardiologists and clinicans. Garrod (i874), Lombard and Cope (I926) , and Braunwald, Sarnoff, and Stainsby (I958) noted an inverse relation between the left ventricular ejection time (ejection time) and heart rate. Jez'ek (I963) described some of the changes in systolic time intervals in both myocardial and valvular heart disease. Weissler, Harris, and Schoenfeld (I968) found a normal Q-second heart sound interval (QS2 interval) with a shortened ejection time and prolonged pre-ejection time in patients with chronic niyocardial disease, who were in heart failure. We have previously described (Toutouzas et al., I969) some of the patterns of change of the QS2 interval after acute myocardial infarction. This paper describes the magnitude and course of the changes occurring in the systolic time intervals in patients after acute myocardial infarction. In view of the fact that the ejection time is known to be influenced by inotropic agents (Braunwald et between the systolic time interval and catecholamine excretion.
Methods
Thirty-one patients with acute myocardial infarction were studied. The patients were accepted for study if they showed the typical signs of acute myocardial infarction with chest pain, diagnostic changes in the electrocardiogram, and an increase in the serum lactic dehydrogenase. Patients with electrocardiographic evidence of bundle-branch block, raised systemic arterial pressure, and those receiving digitalis were excluded' from the study.
The patients were grouped clinically according to the absence (Group I) or presence (Group 2) of radiological pulmonary oedema and major arrhythmias. There were I5 patients in Group i and i6 patients in Group 2.
The electrocardiogram, phonocardiogram, and the external carotid arterial pulse tracing were recorded simultaneously on an Elema Schonander Minograph recorder at a paper speed of ioo mm./sec. The recording was done during held quiet respiration in the supine position. The patients were studied at a fixed time daily or on alternate days, from the day of admission to the day of discharge and thereafter at a time which varied between 2 and 8 months.
The QS2 interval was measured from the onset of the Q wave to the onset of the aortic component of the second heart sound, which was taken as the beginning of the first high frequency vibration. The left ventricular ejection time (ejection time) was measured from the upstroke of the incisura of the carotid pulse tracing to its trough. The preejection period was obtained by subtracting the ejection time from the QS2 interval. Five consecutive cycles were measured and averaged for the final reading. Fig. 3 . At each stage, the patients in Group 2 had more significantly shortened QS2 and ejection time intervals.
The change in the pre-ejection period in the two groups is shown in Fig. 4 . The mean pre-ejection was slightly more prolonged in Group 2 patients than those in Group i.
The ratio of pre-ejection time to the ejection time (P/E ratio) was not significantly different in the two groups. Group i had a mean P/E ratio of 0o456 (range 0307 to 0-569) and Group 2 had a mean P/E ratio of (range 0s3I0 to 0o579). The normal values are a mean of 0345, with a range of 0309 to 0-38I (Weissler, Harris, and Schoenfeld, I969 A comparison between the changes in the QS2 interval and ejection time and the level of urinary catecholamine excretion is shown in Fig. 5 to 8 . Fig. 5 normal in the majority of patients. This is in agreement with the work of Wiggers in experimental animals (Wiggers, 1945) and the work of Jezek (I963) in man, which showed a shortened ejection time after acute myocardial infarction, and our previous studies (Toutouzas et Comparison between the mean values of urinary adrenaline excretion and the mean decrease in QS2 interval and ejection time in i patients each studied over the first 5 days of admission after an acute myocardial infarction. of the isovolumetric period in patients with acute myocardial infarction. Atraumatic clinical methods of determining the isovolumetric period are as yet too inaccurate. In experimental myocardial infarction, Wiggers (I945) observed a slow rise of pressure during the isovolumetric period and ballooning of the infarcted area during the isovolumetric and ejection periods.
The shortening of the QS2 interval is predominantly due to shortening of the ejection time. Factors known to shorten the ejection time are physiological variables, such as an increased heart rate, decreased myocardial contractility, and decreased stroke volume (Weissler, Peeler, and Roehil, I96I), and inotropic agents such as catecholamines, hypercalcaemia (Seifen, Flacke, and Alper, I964; Shiner, Harris, and Weissler, I969) , digitalis (Weissler et al., 1965) , and isoprenaline.
Further study is required for a clear understanding of the mechanisms and significance of the shortened ejection time occurring after acute myocardial infarction. However, certain considerations concerning the measured ejection time and the cardiac function after acute myocardial infarction are relevant. Weissler et al. (I965) showed that the ejection time as measured at the external carotid artery is related to the central aortic ejection time. They also showed a direct relation between ejection time and stroke volume in normal man and in patients with myocardial failure with chronic myocardial disease. Some of the features of cardiac function after acute infarction include an altered myocardial contractility, reduced stroke volume, and a reduced stroke velocity.
The infarcted site behaves as an area of increased compliance, and presents clinically, in many cases, as an area of paradoxical systolic pulsation over the praecordium, resulting in asynergic contraction and reduction in the over-all contractile force. In this respect the area of infarction may behave as the focal areas of altered contraction in patients with coronary heart disease, as described by Herman and Gorlin (x969) , who suggest that the 'slack' area of paradoxical systolic pulsation may account for the slower rise ofpressure during the isovolumetric period with reduction in the rate of over-all tension development. More contractile element is therefore utilized in the development of ten- The stroke velocity is also reduced, as shown by Mills using a catheter tip velocity probe (C. Mills, I969, personal communication).
The infarcted myocardium, with its reduced contractile force, seems to eject a smaller volume, at a reduced velocity and in a shorter time. Thus the shortened ejection time may be used as an index of cardiac function in patients after acute myocardial infarction. It could provide us with information regarding the stroke volume, and in this respect it could be more sensitive than the QS2 interval.
The presence of pulmonary oedema and major arrhythmias in patients with an acute myocardial infarction could well argue a smaller stroke volume in comparison with those without these associated complications. This could be in keeping with the shorter ejection time observed in the Group 2 patients.
The patients in Group 2 with a shorter ejection time had a higher level of urinary catecholamine excretion. We have no evidence as yet that the catecholamine level in this situation plays any dominant role in shortening the ejection time. The mechanism of increased serum catecholamine in acute myocardial infarction is still unknown.
In this regard, we must conclude that the shortened ejection time and the raised catecholamine levels have no direct relation but are associated features of acute myocardial infarction and both undergo progressive change during the course of the illness.
acute myocardial infarction. 
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